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The contents of eight heavy metals, which are arsenic, lead, copper, tin, 
zinc, mercury, cadmium and antimony, in 2 species of banana was 
determined using the Inductively Coupled Plasma - Atomic Emission 
Spectrometric method. Among the analysed species are Musa sp. cv. 
Embun and Musa sp. cv. Hotel. From the results, the levels of heavy 
metals were generally below the permissible levels of heavy metal as 
stipulated in the Food Act, 1983 (Act 281) and Malaysian Food 
Regulations, 1985. The results also indicated that the eoncentrations of tin 
in the fruits were significantly higher than other metallic elements. Heavy 
metal constituents in the soil where thE! fruits were cultivated were also 
determined. Soil organic matter and the soil pH were investigated in order 
to correlate with heavy metal contents in the bananas. The results also 






Kandungan Lapan buah logam berat, iaitu arsenik, plumbltm, knpru.m, 
Limah, zink, merknri, kadmiwn dan antimoni daripada dna spesis pisang 
telah ditentnkan dengan kaedah ICP-AES. Antara pisang yang 
dianalisiskan ialah Pisang Embun dan Pisang Hotel. Paras kandungan 
logam berat mennnjukkan logam berat yang wnjud dalam specie pisang 
berkenaan tid.ak melebihi paras kandnngan logam berat yang dibenarkan 
sebagaimana yang tercetah dalam Akta Makanan, 1983 (Akta 281) dan 
Peratnran Makanan Malaysia, 1985. Kepntnsan juga mendapati bahawa 
timah wnjnd dalam kepekatan yang jau,h lebih tinggi daripada unsur 
Logam lain. Selain memeriksa jasad organik tanah dan pH tanah, 
kandullgan logam berat dalam tanah jltga ditentukan snpaya korelasi 
dapat dilaksanakan. Daripada keputlLsan analisis, adalah dijangka 
bahawa kawasan penanaman pisang tidak mengalami pencemaran yang 
senus. 
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Alertness on the environmental issues in the recent years has attracted 
global attention in many aspects. With the increasing awareness on the 
depletion of the quality of our living environment, concerns on the changes 
by industrialisation to the environment and the consequences that we will 
inherit u"om the modification have been expressed widely. Numerous 
scientific researches are then initiated. especially the ones that are related 
to the quality of food nutrition. There are many studies on the levels of 
hea\-""y metals in food samples. Some of the studies focus on t.he availabili ty 
of orne particular heavy metals in canned and uncanned food (Chia. 
1986), and a1 0 on the level of heavy metals in vegetables available in onp 
particular region (Wong, et aI, 1976). 
The existence of heavy metals in soils is an important topic for the 
public concern. This is because their total concentrations, chemical forms, 
transference and availability to the food chain can be associated with some 
problems in the growth of plants and animals, and human health. 
Deficiencies or excesses of heavy metals may cause nutritional or 
toxicological problem in plants. This may ultimately affect the quality of 
foodstuff for human consumption (Thornton, 1981). 
1.2 	 Objectives and Justification 
This study serves two purposes. First, to determine the levels of eight 
heavy metals, i.e. arsenic, lead, copper, tjn, zinc, mercury, cadmium, and 
antimony, from two different species of local banana. Comparisons of data 
from different species and from different sampling phases are done. 
Second, to analyse the correlation of the available heavy metals in soils 
and those accumulated in the fruits. 
There was no systematic attempt to :;tudy the conr.entrations of heavy 
metals in bananas cultivated or consumed in Sarawak, provided with the 
fact that the fruit is a major di.et among the locals. The local Agl'iculttural 
Department is yet to affirm frequent regulations on the use of inorganic 
chemicals in vegetation, resulting in possible absorption of large, 
undesirable uptake of heavy metals into plants. Thus, this study has been 
an initiation into filling this void in local Bcientific researches. 
Furthermore, it has been my personal concern for the conservation of 
the environment that motivates me to complete this paper. Through this 
study, I can gather information on the concentrations of heavy metals in 





2.1 The Fruit 
Bananas are the most important food crops of the world. They are 
large-growing, stove, herbaceous plants, confined to the tropical regions of 
the globe (Nicholson, 1991). The plant is a gigantic herb that spring from a 
l'hiwme to form a false trunk (~3-6 m) which is composed of the basal 
potions ofleaf sheaths and is crowned with a rosette of 10 to 20 oblong to 
elliptic leaves. A large flower spike emerges at the top of the false t.runk, 
nodding downwards to become bunches of 50 to 150 individual fi'uits, or 
finge rs. The fingers are grouped in 10 to 20 clusters or hands (McHenry 
ed., 1993). The fleshy fruit is of berry type. 
The banana family (Family Musaceae) is valued for its flavour, 
nutritional importance, and availability throughout the year. Its calorific 
value is about 100 calories per 100 g. Thus, it is nutritionally similar t.o the 
potato (Chin & Yong, 1980). The ripe fruit contains approximately 22 
percent of carbohydrate. It is high in potassium, low in protein and fat, 
and a good source of vitamins A and C (McHenry ed., 1993). 
Apart from contributing to nutritional means, bananas have the 




(W88) found out that in Curacao, green banana peels (skin) are grated and 
dried or else burned to ash in order to be applied to cancerous sores, 
herpes lesions and diabetic leg ulcers with some good effects. Trinidadian 
folks apply a poultice of ripe banana peels to the forehead and back of the 
neck to relieve excruciating migraines, and a decoction of fresh green peel 
i taken as a remedy for hypertension in the Bahamas. Furthermore, some 
Central Americans heal diarrhea with cooked banana pulp. The mashed 
fruit pulp is sometime bound around the neck to relieve sore throat and to 
reduce swelling of the adenoids. Despite being helpful in some cases of 
stomach ulcers, diverticulitis and colitis, a diet of banana is ideal for 
treating celiac disease, an allergic sensitivity to the gluten in some grains 
and u ually found in young children, as reported by Heinerman from an 
early 1959-1960 issue of Postgraduate Medicine. Treating digestive 
, orders, offsetting insulin shock in diabetics and gaining weights are 
som of the biological effects observed in the consumption of bananas. 
2.2 	 Definitions 
2.2.1 	 Heavy Metals 
Phipps (1981) defined heavy metals, or trace metals, as the large 
group of elements with an atomic density greater than 6 g/cm3. Although 
being industrially and biologically important, heavy metals are toxic to 
living organisms when present in excess. However, Alloway (1995) stated 
that some, like Cu and Zn, are essential in small but critical 
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concentrations for the normal growth of plants or animals. Heavy metals 
are often associated with! pollution and toxicity activities. A newer term, 
\ 
potentially toxic element (or PTE), for the metals are gradually used with 
reference to the harmful effects of these elements, such as As, Cd, Hg and 
Pb. Nevertheless, deficiency of essential trace elements like Zn and Cu can 
limit agricultural productivity. In some cases, the term micronutrient is 
preferred. 
2.2.2 Pollution and Contamination 
These terms are often confused or used interchangeably, but Holdgate's 
definition is widely acceptable (Alloway, 1995). This states that pollution is 
"the introduction of man into the environment of substances or energy 
liable to cause hazards to human health, harm to living resources and 
ecological systems, damage to structures or amenity. or interference with 
legitimate uses of the environment" . Contamination is used where the 
anthropogenic inputs do not appear to cause obvious harmful effects and 
pollution. is applied to conditions where toxicity has occurred. In Holdgate's 
definition, pollu.tion includes any concentration of a potentially harmful 
substance whether adverse effects are observed. 
2.3 The Soil 
The soil is the vital factor to the propagation of all food chains ever 
exists on earth . Alloway (1995) described the soil as "a key component of 




the growth of plants and the degradation and recycling of dead biomass". 
It was said to be "a complex heterogeneous medium comprising mineral 
and organic solids, aqueous and gaseous components" . Greenland (1978) 
pointed out that the soil acts as "a buffer to control the flow of the water 
between sky, land and sea, despite being a sink, usually a safe sink, for 
many of the chemicals that may make life difficult or unpleasant" . 
The existing minerals in soils are usually weathering rock fragments 
and secondary minerals like phyllo-silicates or clay minerals, oxides of Fe, 
AI, and Mn and sometimes carbonates. The organic matter, an important 
component of the soil, consists of living organisms, dead plant material 
and colloidal humus. Assembly of these solid components creates a system 
of interconnected pores of diverse sizes filled with water of air. The 
prevailing pH and redox conditions and the relative concentrations of the 
ions present in aqueous soil solution aloe the main factors that influence 
the adsorption of ions by the solid components (Alloway, 1995). 
The soil, being a mixture of organic and mineral components, is the 
habitat for many organisms and also the medium for the growth of plant 
roots, Roots can interact with the interfacial zone between the root and the 
soil (rhizosphere) and the modification of chemical and physical properties 
by root activities can influence the bioavailability of some chemical 
elements. Furthermore, the soil is a dynamic system that allows short­
term fluctuations and it gradually alters in response to changes in 
management and environment.al factors. The changes m soil propert.ies 
can affect the form and bioavaibility of meta Is. 
2.3.1 Soil pH 
Behaviour of metals in the soil is controlled by the soil reaction. In his 
article, Alloway (1995) explained an idea by Bache which suggests the 
heterogeneity of soils causes a relatively small portion of solution present 
in the pores of the soha soil and the adsorption of H+ on t.o solid surfaces, 
resulting in the unprecision of pH concept for soils as it is for solution in 
vitro. Th2 pH of soils applies to the H+ concentration in the solution 
present in soil pores which is m dynamic equilibrium with the 
predominantly negatively charged surfaces of the soil particles. Since 
hydrog n ions are strongly attracted to the surface negative charges, they 
have the ability to replace most other cations. 
The diffuse layer close to a negatively charged surface has a higher 
concentration of H+ than the bulk solution. Dilution of the soil solution can 
expand the diffuse layer, causing the pH of the bulk solution to increase. 
This fact has been an important implication for the measurement of soil 
pH, involving a procedure of mixing dry soil with 2-2.5 times its weight of 
water, shaking and then measuring the pH in the supernatant solution 
after"30 minutes. 
Alloway (1995) also stated that soil pH is affected by the changes in 
redox potential which occur in tioils that become waterlogged occasionally. 
Reducing conditions normally result in a pH value decrease, and oxidation 
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increases the pH value. However, pH can be buffered by several soil 
mechanisms. Bache (Alloyway, 1995) found that hydroxyaluminium ions, 
C02, carbonates and cation exchange reactions serve to buffer pH. 
Nevertheless, soil pH differs significantly due to localised variations 
within the soil. In humid regions, soil pH usually increases with depth 
where bases are leached down the profile of the soil, but reduces with 
depth in arid regions where evaporation causes salts to gather in the 
surface horizon. Heavy metal cations are generally most mobile under acid 
environment, but their bioavailability is usually reduced by liming which 
can increase the pH. 
The pH value of soils normally ranges between 4 and 8.5. Brady (1990) 
discovered that in humid regions the normal pH is 5-7 in soils, and pH 7-9 
in the soils of arid regions. But, the maximum range of pH conditions 
found in soils is pH in the range 4-8. 
2.3.2 	 So il organic matters 
Soil organic matter (SOM), as defined by Bohn et al (1985), is "an 
accumulation of dead plant matter, partially decayed and panially 
resynthesised plant and animal residues". Besides, crop residues, weeds, 
grasses, tree leaves, '.vonns, bacteria, fungi, and actinomycetes are also 
part of SOM. Colloidal SOM has a major influence on the chemical 
properties of soils. It can be divided into non-humic and humic substances. 
Non-humic substances are unmodified biochemicals like amino acids, 
carbohydrates organic acids, fats and waxes, whereas humic substances 
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are a series of acidic, yellow to black coloured polyelectrolytes which are 
formed by secondary biosynthesis by microorganisms. They are rather 
dissimilar to any compounds in living organisms, and have wide diversity 
ofchemical groups, such as carboxyl phenolic hydroxyl, carbonyl, ester and 
possibly quinone and methoxy groups (Alloway, 1995). 
According to Brady's definition (1990), humus is "a complex and rather 
resistant mixture of brown and dark brown amorphous and colloidal 
organic substances that results from microbial decomposition and 
synthesis and has chemical and physical properties of great significance to 
soils and plants". Alloway (1995) also reviewed that on an ash-free basis 
the elemental composition of humus is typically 44-53% C, 3.6-5.4% H, 1.8­
3.6% N and 40-47% O. 
Alloway (1995) classified the fracbons from the separation of humus 
into true groups: 
(i) Humin, which is insoluble in both acid and alkali 
(ii) Humic acid, which is insoluble in acid but soluble alkali 
(iii) Fulvic acid, which is soluble in both acid and alkali 
White (Alloway, 1995) noticed that less than half of the carbon in 
humic acids is aromatic, and much of the remainder appears to be 
unsaturated aliphatic chains which consist of carboxyl groups. Moreover, 
the general composition of fulvic acid does not differ from that of humic 
acid, and the fulvic acid fraction may contain precursor and degradation 
10 
products of the humic acid fraction. Rumins are regarded as humic acid­
type compounds adsorbed onto minerals. . 
Through its effects on the chemical, biological and physical properties 
of soil, SOM contributes to plant growth is significant. By supplying 
macronurient, an energy source for soil organisms, humus promotes good 
soil structure and indirectly affects the plant uptake of micronutrient and 
heavy metal cations, as well as the availability of agricultural chemicals 
(Bohn et aI, 1985) 
2.3.3 Cation Exchange 
The adsorption of heavy metals from liquid phase on to oolid phase is 
the most important chemical processes that influence the availability of 
heavy metals in soils. Concentrations of metal ions and complexes can be 
controlled and their uptake by plant roots can be altered by this 
mechanism. 
In this non-specific adsorption, cations, the chemical form of most 
heavy metals, are adsorbed dependently on the density of negative charges 
on the surface colloids, where the surface negative charges are balanced by 
an equal quantity of cations. Brown (Alloway, 1995) regarded ion exchange 
as the exchange between the counter-ions balancing the surface charge on 
the colloids and the ions in the soil solution. Gast (Alloway, 1995) added 
that cation exchange is reversible, diffusion controlled, stochiometric, and 
selective for one ion over another adsorbent in most cases. This selectivity 
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results in a replacing order amongst the cations. Sposito and Page 
(Alloway. 1995) described the adsorption by cation exchange as "the 
formation of outer-sphere complexes with the surface functional groups to 
which they are bound electrostatically". SOM greatly contributes to the 
cation exchange capacity (CEC) of soils because of its high adsorptive 
capacity at pH above 5. 
2.3.4 Specific Adsorption 
As described by Keeney (Alloway, 1995), specific adsorption involves 
the exchange of heavy metal cations and most anions with surface ligands 
to form partly convalent bOilds with lattice ions. This causes certain metal 
ions being adsorbed more extensively than that of CEC of a soil. Brummer 
(Alloway, 1995) testified that this mechanism has strong dependence on 
soil pH and it is related t.o the hycir')lysis of the heavy metal ions. Metals 
with the ability to form hydroxy complexes are specifically adsorbed to the 
great€'st extent. 
2.4 Soil-plan t Relationships of Heavy Metals 
2.4.1 The Importance ofsoil to plant growth 
The soil is the main resource for plant growth because it supplies food 
and fibre. Singer and Munns (1991) have listed the importance of soil to 
plant growth: 
2.4.1.1 Support 
Roots (or rhizomes) exploit the soil and spread vertically and 
horizontally. Thus, the plant is held upright in order to receive maximum 
sunlight. Nutrients and water are also extracted by the roots. However, 
the extension of roots depends on soil density and the soil structure. 
2.4.1.2 Nut1'ients 
Although plants can obtain major metabolites from air and water, they 
depend on the soil for the supply of macronutrients in large amount, and 
also micronutrient in smaller qunatity. These nutrients are gained 
through the application of fertiliser and pesticides, absorption of nitrogen 
from the air by microbial activities, and weathering processes. However, 
nutrients are sometimes lost when events like leaching, erOSIOn, 
harvesting and volatilisation (Alloway, 1995) take place. 
2.4.1.3 Nutrient Retention 
Clay mineral and humus that are present in soils are responsible in 
holding nutrients. Chemical reactions on their surfaces can help to retain 
nutrients in the forms that plants can utilise. Some deficiency problems 
are caused when a nutrient is held too tightly or moves in a slow manner. 
2.4.1.4 Water Retention 
Soil pores fill with water after raining or irrigation. The movement of 
water through the pores is much limited. In addition, the attraction 











further impedes the flow of water in soil. This enables the soil to hold 
water that can be used by plants. 
Air present in soil pores is essential for root respiration. If the soil is 
waterlogged for a long period of time, most plant will drown. The dynamic 
soil-plant system is illustrated in Figure 1 (Alloway, 1995). 
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Figure 1 The soil-plant ~.ystem showing the 
key components concerned with the dynamics of 
heavy metals [adapted form Peterson and Alloway 
(Alloway, 1995, p26)] . 
.1.4..1 Plant Uptake of Heavy Metals 
Heavy metals can be adsorbed through plant roots and plant foliage. 
Generally, heavy metals are readily taken up by plants in either ionic or 
chelated and complexed forms. The binding of a heavy metal to soil 
components is one of the most important factors that determines the 
biological availability of it (Kabata-Pendias and Pendias, 1984). In 
